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Title: Manipulator 

The invention relates to a manipulate, in P*"-" 1 " 
a manipulator having at least a number o£ members of which 
one member is gripper-shaped . In this context. ™~ h *^ 
should be understood to mean being formed in such manner that 
5 objects can thereby be engaged, processed or manipulated 
otherwise. Such manipulators are known from practice. 

. „ 1afnr o such as industrial robots, 
Known manipulators, suon ao 

comprise, for instance, a foot part on which a 
is movably mounted in a first pivot point, a second member 
10 connected to the first member in a second pivot point and a 
tLrd member connected to the second member in a third pivot 
point. Bach Pivot point is provided with at least a motor for 
moving one of the members relative to the other member 
mounted in the relevant pivot point. Thus, for instance the 
15 first pivot point can define a rotary shaft for rotation of 
the first member about its longitudinal axis relative to the 
foot part which is usually of plate-shaped design, the second 
pivot point can comprise a pivotal shaft extending at right 
Ingles to the longitudinal direction of both the^rst and 
2 0 the second member to allow pivoting of the second member 
relative to the first member, while the third pivot point 
ag ain defines a rotary shaft paraUel to the longitudinal 
direction of the second member, to enable pivoting of the 
third member relative to the second member. Moreover, in the 
25 third pivot, a second pivotal shaft may further be provided, 
at right angles to the longitudinal axis of the second 
member, to allow the third member to ^ rotary 
second member. In such manipulator, each pivotal or rotary 
shaft is provided with a motor. Moreover, there is provided 
30 another motor for opening and closing a gripper on the third 
member. When the manipulator is stretched, the first, second 
and third members are in line. The drawback of such _ 
manipulator is that the arm formed by the first, 
third members is relatively heavy, due to, m particular the 
35 motors. Moreover, the freedom of movement of such robot arm 
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is limited. The gripper of such manipulator can only cover a 
limited area around the foot part and can, for instance, not 
approach the foot part itself in that the different members 
will strike against each other and limit the pivoting angle 
to considerably less than 360°. A further drawback of such 
manipulator is that the arm is relatively vulnerable, in 
particular the motors, while it is moreover maintenance- 
prone, in particular in that the electric cabling for the 
motors extends through the arm. This, too, limits the freedom 
of movement of the manipulator. A further drawback of such 
manipulator is that it can ill be used in an environment 
where, for instance, strong radiation prevails, as such 
radiation will have an effect on the behavior of the motors 
and on the cabling. Shielding the motors and the cabling 
15 against such radiation has the drawback that, as a 

consequence, the arm becomes heavier and more voluminous, 
which limits the possibilities of use for such manipulator 

even further. 

The object of the invention is to provide a 
manipulator of the type described in the preamble, wherein 
the drawbacks mentioned are avoided, while the advantages 
thereof are maintained. To that end, a manipulator according 
to the invention is characterized by the features of claim 1. 

Because in a manipulator according to the present 
invention, the drive means, in particular the motors, are at 
least substantially accommodated in the foot part, the arm 
may be of relatively light and slender design, while the 
motors and the associated cabling, accommodated in the foot 
part, can be shielded relatively easily. As a result, a 
manipulator according to the invention can easily be of 
robust design and be used in all kinds of environments. 
Moreover, the freedom of movement of a gripper of a 
manipulator according to the invention can easily have a 
particularly great range. The arm of a manipulator according 
35 to the invention can relatively easily be of light design, to 
obtain, with relatively light motors, a relatively great 
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power and/ or high speeds of movement and a great precision, 
which adds to the positional accuracy of the gripper. A 
manipulator according to the present invention can easily 
have any desired number of degrees of freedom, while the 
gripper may be designed in any desired manner. 

In^rther elaboration, a manipulator according to the 
present ih\nLi^ is characterized by be features of claim 4. 

The use of compensating means for reducing, at least 
compensating for the moment exerted by the arm, in particular 
the upper arm and the lower arm relative to the foot part, 
offers the advantage that the arm of the manipulator can be 
set and retained in almost any position by means of 
relatively light drive means, also when the gripper is 
loaded. Preferably, the compensating means are of such design 
15 that the arm, in particular the upper arm and lower arm, is 
approximately kept in balance in almost any position by the 
compensating means. The advantage thus achieved is that 
relatively light drive means can be used, that positioning 
can be effected in a fast and accurate manner and, moreover, 
that a relatively high load on the arm is possible, in spite 
of a relatively light construction of the manipulator. 

InVfurther elaboration, the manipulator according to 
the inversion is further characterized by the features of 
claim 6 , preferably of claims 6 and 7. 

The advantage achieved by the use of eccentrics 
coupled to rotary shafts of the members, in particular the 
upper arm and lower arm, with the provision of spring means 
coupled to the relevant eccentrics, is that a relatively 
compact construction is possible, while the spring means can 
be of simple and relatively light design and can nevertheless 
produce sufficient force for compensation within the 
compensating means. By designing the spring means as tension 
springs accommodated in the foot part, the advantage achieved 
is that the spring means are concealed in a safe and 
attractive manner without limiting the freedom of movement of 
the manipulator. Of course, other spring means, such as 
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compression springs or torsion springs or combinations of 
such spring means, may be used as well. Through the use of 
band- shaped elements which are connected on one side to a 
positionally fixed point and on the other to a relevant 
spring, which band means extend over the relevant eccentrics, 
the advantage achieved is that a relatively simple 
construction is obtained which is robust and reliable in 
operation. Rotation of the relevant shafts results in 
rotation of the eccentrics, causing the band-shaped elements 
to move while changing the spring length. The tension in the 
band elements and the friction between the band elements and 
the eccentrics provide that the position of the lower arm and 
upper arm respectively is retained. 

Preferably, in a manipulator according to the present 
invention, each drive means comprises a motor coupled to a 
reduction casing aligned therewith, which reduction casing is 
connected to a drive wheel for driving a shaft which drives a 
part of the arm. Thus, the motors and ' reduction casings can 
be manufactured in a relatively inexpensive and compact 
manner, so that relatively little space is required in the 
foot part for accommodating the drive means. The reduction 
casings are preferably mutually identical, while the drive 
wheels differ only in position relative to the motors, so 
that the motors and reduction casings can be of an even 
2 5 simpler and cheaper design. 

In\a further advantageous embodiment, a manipulator 
according)^? the invention is further characterized by the 
features or^cTaim 10. 

The advantage achieved through the use of first and 
second drive shafts, fitted one within the other, is that a 
relatively large number of drive shafts can be incorporated 
into a relatively small space, while rotation of the 
different shafts independently of. each other is possible in. a 
relatively simple manner. Thus, compact packs of shafts are 
35 obtained. By intercoupling the first and second drive wheels 
of associated first and second drive- shafts, for instance 



20 



30 



PCT7NL99/00670 

WO 00/25989 

5 

utilizing gears and further shafts or geared belts a rotary 
movement can thereby readily be imposed on each shaft by . 
means of the drive means accommodated in the foot part for 
moving the gripper in one of the six .degrees of freedom 
5 and/or for opening and closing the gripper. 

in filler elaboration, a manipul-ator according to the 
inv ention ^ fur^her characterized by the features of claim 

The wrist offers the advantage that the freedom of 
10 movement of the gripper is increased even further. 

a spring element extending in longitudinal direction of the 
adjoining member, in particular the lower arm, for operating 
the gripper, in particular when a gripper having a number of 
fingers that are movable relative to each other » used, 
15 offers the advantage that the gripper can relatively easily 
be pulled from the biased, open position into a closed 
position and vice versa, while the spring element offer, the 
advantage that unduly great closing forces can readily be 
prevented. After all, the spring element will compensate for 
20 unduly great closing forces, if any, by elastic deformation. 

in ^further embodiment, the manipulator according to 
t he preseKn^tion is characterized by the features of 
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The advantage achieved by providing the foot part with 
a foot plate which is rotatably bearing-mounted adjacent the 
lower end of the foot part is that the foot part, and 
accordingly the arm, can rotate about the longitudinal axis 
of the foot part, whereby the freedom of movement of the 
gripper can be increased even further in a simple manner. 
30 Moreover, the advantage achieved through the use of sliding 
contacts for transmitting electric tension between the drive 
means and a voltage source located outside the foot part, 
such as, for instance, a control unit, is that such station 
is readily possible over a particularly great angle, possibly 
35 even over N x 360°. Thus, the foot part functions as an 
additional member. 
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By designing the foot part of the manipulator, at 
least a housing thereof, substantially as an extruded tubular 
section, with the provision of recesses for the drive means, 
such foot part can be manufactured in a particularly simple 
5 and inexpensive manner, while the construction of the foot- 
part is nevertheless strong. Preferably, spaces are included 
in the relevant extrusion section, into which spaces, for 
instance, spring means for compensating means and electronic 
control and regulating means can be inserted, which are thus 
10 readily guarded with respect to the environment. 

FuWr advantageous embodiments of a manipulator 
according \^the invention are given in the subclaims. 

To clarify the invention, an exemplary embodiment of a 
manipulator will hereinafter be described with reference to 
15 the accompanying drawings. In these drawings: 

Fig. 1 schematically shows a manipulator according to 
the present invention, coupled to a control unit ; 

Fig. 2 is a partially sectional side elevation of a 
foot part with a pack of first drive shafts for the shoulder 
20 axis of a manipulator according to Fig. 1; 

Fig. 2A is a side elevation of compensating means 



according to Fig . 2 ; 

Figs. 3A-3C are, in partially sectional condition, a 
front view, side elevation and rear view respectively of a 

2 5 foot part; 

Figs. 4A and B are two horizontal sections of a foot 

part according to Fig. 3; 

Fig. 5 is a top plan view of a foot part according to 

the invention; 

30 F ig. 6 shows, in cross section, a pack of shafts for a 

shoulder axis; 

Fig. 6A is a schematic, sectional side elevation of a 

housing for an upper arm; 

Fig. 7A is a sectional side, elevation of a lower arm, 
3 5 wrist, gripper axis and pack of shafts for the elbow axis of 
a manipulator according to the invention; 




PCT/NL99/00670 

WO 00/25989 

1 

Fig. 7B is a view at right angles to the view of 

Fig. 7A of a wrist; 

Fig. 7C is in more detail' the view according to 

Fia 7B with lower arm section; 
5 Fig. 8 is an enlarged sectional view of a first part 

of a wrist joint; naY . f 
Fig. 9 is an enlarged sectional view of a second part 

of a wrist joint; and . , 

Pig 10 is a sectional side elevation of a foot plate 
„^>. for a f o\part of a manipulator according to the i^en-on. 
/ Nin this specification, identical or corresponding 

parts hL identical or corresponding reference numerals In 
rtls specification, a manipulator 1 is shown having a foot 

s part r. X- — « 4 • • — nd ^ v • r r : n : 

M 15 and a grip P er\o . The gripper 10 is designed with, for 

f, "stance, two I three fingers 12B that can be moved 

» towards each other, but, if so desired, it may also be 

£ designed differently, for instance with snap means 

f specifically adjusteito an object to be picKed up or engaged 

S 2 0 otherwise, magnetic m\n S , more or fewer fingers, and the 

S lixe. in this specificaW the first member 4 w 11 be 

="= =>-r-n( \fhe second member 6 will oe 

iU referred to as upper arrA, \tne secou 

3 •, _ ^JsJW't-he third member 8 will oe 

" referred to as lower arm^cHia tne tniiu 

p. reieiI \ „ i of substantially 

referred to as wrist. The foot part 2 is or a 

„ ,,-i-n Hp explained in more detail 
25 tubular design, as will be exp^i . 

hereinbelow, and is connected, ^ia a toot pi 
L detail in Pig. !0, to a basWe 14 for 
its longitudinal axis LI, which baWate 14 can be directly 
connected to the fixed world or. forWance to a 
30 constructional part 18 via a parallelVrm construction 16 as 
snown in Pig. 1, to enable the manipulaW 1 to be moved in 
vertical direction V. Of course, other t>pes of suspension 
constructions can be used, enabling translating ^ 
rotating movements of the entire manipulator^ m the desired 
35 directions. 
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Adjacent the top end 20, the foot part 2 has a 
shoulder 22 which connects the upper arm 4 to the foot part 2 
in such a manner that said upper arm can rotate around a 
shoulder axis S, N times 360°, N preferably being greater 
5 than 1. in a joint to be referred to as elbow 24, the upper 
arm 4 is connected to the lower arm 6 in such a manner that 
they can rotate relative to each other around an elbow axxs 
E again through an angle of N times 360°, N being preferably 
greater than 1. The elbow axis E and the shoulder axis S are 
10 preferably in parallel relationship. The wrist 8 is connected 
to the lower arm 6 in such a manner that they can rotate 
relative to each other around a wrist axis P, extending 
preferably in the longitudinal direction of the lower arm 6 
and the wrist 8, which are in line, and enclosing an angle of 
15 90° with the elbow axis E. The wrist 8 can again rotate N 

times 360° around the wrist axis P, N again being preferably 
greater than 1. Via a first gripper axis Gl and a second 
gripper axis G2 , the gripper 10 is connected to the wrxst 8, 
with the first gripper axis Gl extending at right angles tc> 
20 the wrist axis P and the second gripper axis G2 extending at 
right angles to the first gripper axis Gl, the arrangement 
being such that the gripper axis Gl constitutes the normal on 
the plane defined by the wrist axis P and the gripper axxs G2 
when not in line. The first gripper axis Gl enables pivotal 
25 movement of the gripper 10 in said plane defined by the wrxst 
axis and the gripper axis G2 through an angle of, for 
instance, about 330°, while the second gripper axxs G2 
enables rotation of the gripper 10 through an angle of agaxn 
N times 360°, N preferably being greater than 1. As a result, 
30 the gripper 10 has a particularly great range. The *i-t«£e 

between the elbow axis E and the first gripper axxs Gl whxch 
can be brought into parallel relationship, is preferably 
smaller than the distance between the elbow axis E and the . 
shoulder axis 22 to the effect that the gripper 10, the wrxst 
35 8 and the lower arm 6 can be moved in between the elbow 24 

and the shoulder 22. Moreover, the shoulder 22 is preferably 
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dimensioned such that said movement can also be performed 
when the upper arm 4 is located next to the foot part : > 
Thus, a particularly compact storing position can moreover be 
realized, with foot part 2, lower arm 6 with wrist 8 and 
5 gripper 10 and the upper arm 4 extending approximately 

parallel to each other. 

The foot part 2, as shown in more detail in Figs. 2-5, 

* tubular section 26 which is preferably extruded 
comprises a tubular sectio" ^ „ , s 

from, for instance, aluminum, with for instance a profile 

v, nin Fias 4A and 4B, hatched and non-hatched portions. 
10 shown in Figs. <±a emu. ^ ' -i^ ^-f 

The section as shown in Fig. 4A is rotated over an angle of 
90° relative to the section as shown in Fig- 4B. In its 
primary, extruded form, the tubular section 26 is 
substantially symmetrical relative to two planes Al, A2 
15 extending at right angles to each other, and comprises a 
" ^antlaily cylindrical longitudinal wall 28 ^a - 
extending intermediate partitions 30 and a ^f^^ 
32 connecting the intermediate partitions 30 at their 
centers. As shown in particular in Figs. 3A-3C, "™ 
20 profiles 34A-34G are provided in the intermediate partition 
32 1y means of drilling and/or milling, for which purpose 

• 36B are provided in the longitudinal 

suitable openings 36A, 36B are pro 

wall of the tubular section 28. The profiles 34A-G are all . 

wdth a central bore 38 and mounting holes 
identical, provided with a centra 
25 40 provided around them. At the upper four profiles 34A D, 
s igLly stepped face 42 is provided on the left-hand side^ 
at the lower three profiles 34E-G, such face 42 is provided 

on the right-hand side. 

As shown in Fig. 5. fro, the side facing away from the 

30 steppe* face 42, a motor « can he fitted against the profil. 
34. secured in the holes 40, with the motor shaft 46 
e* ending through the relevant central opening 33. Arranged 
on the motor shaft is a sleeve 48 carrying a geared belt 
Lex 50 that is preferably formed integrally therewith. By 

35 means of an end plate 52 and a suitable bearxng 54 the 
sleeve is bearing-mounted and retained relatxve to tbe 
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tubular section 26 such that the geared belt wheel 5< , can be 

device 56. by means c£ the motor 44. The reduction device 56 
and the motor 44 are in alignment, with the reduction device 

j r, sleeve 48. In this manner, a 

56 being confined within the sleeve * 

motor 44A-G with reduction device 56 and sleeve 48 is 

, accommodated in each profile 34A-S, .ch~tlc*ly » 

Pig. ,0. As appears from Pig. 3C for each motor 44A-G only 

the sleeve «. at least the position of the geared bel wheel 

50 thereon, is varied, such that these geared belt wheels 50 

are juxtaposed in side elevation, for reasons to be specified 

s Treinbelow. Accordingly, the motors 44, reduction casings 56 

and sleeves 48 are relatively simple and inexpensive^ 

= ^. 0 f rr ,m Fia 5, between one of the 
manufacture. As appears from Fig. 

j , . „ aT . H fions 30 and the adjoining part of tne 
intermediate partitions 30 a & 

tubular section 26, there is enclosed a space 58 i 
lQ printed circuit board 60 with electronic components is 

inserted for instance from the top side, while adjacent the 
inserted, t provide d (not shown) which can be 

bottom end, a plug pare is= y 

coupled to a negative plug part on the foot plate 312 (not 
shown, . This allows the printed circuit board 60 to be 
25 exchanged or at least removed relativeiy easily for 

inspection, repair or adjustment. f „ h „ l!ir 
Provided adjacent the top end 20 of the tubular 
section 26 is a semicircular recess 62 of a suitable profile, 
n which a pacx of first drive shafts 64 for the shou^er 
30 axis S can be secured, which pac* of shafts ^ ^ ^ 
more detail in Fig. 6. The shoulder axis S extends at right 
angles to the longitudinal axis L of the foot part 2 

The pack of first drive shafts 64 comprises six hollow 
shafts, fitted concentrically one within the other and 
3 5 bearing-mounted relative to each other in a manner to 
described in more detail hereinbelow. The shafts are 
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relativeiy thin-w.ll-. so that a compact pack of first drive 

shafts 64 is obtained. , - 

snaius. o i orated outside, is 

The first rotary shaft 66, located o 

relatively short and fixedly connected, ad,acen^a ^ ^ 

S thereof, to a shoulder plate 70 which can b ; , f.xedly 

connected to an upper arm section 72. To that end he 

shoulder plate 70 can ^ .^"^^^ad 

shown through holes 72, in holes havxng eternal screw 
snown u y rotation of the 

74 in a shoulder piece 76. This mean* 

v, will involve rotation of the upper arm 

first rotary shaft 66 will mvoxv 

« around the moulder axis S. Adjacent the secc ,n e nd 78 
the pack of first drive shafts 64, which -ccnd e^ „ 
located in or at least above the foot part 2, the first 
rotary shaft 6S is fixedly connected to a first geared halt 
s wheefso and to a first eccentric „. to be specked 

hereinbelow. Provided over ^e first ge ^ ^J^ ^ 
a geared belt, which moreover bears on the 9 e * red 
SO of the sleeve 48F. For clarity's sake, the geared belts 
Ire not shown. The second rotary shaft 84 is provided with a 
are not sno adjacent its second end • 

. a second driving geared belt wheel J ad j a =ent its 

7 a and with a second driven geared belt whee 3 ^ 

,,„, eIli The second driving geared belt wneei 
stared belt wheel SO of the sleeve 4BK via a gea.ed 
^ cprond rotary shaft 84, a secouu 

b elt. Moreover, on the ^ th / BCCOnd driving geared 
25 eccentric 87 is mounted next to the ded with a 

belt wheel 86. The third rotary shaft 90 is pro 
Deic , i_ t qo a ^iacent its second end 

. h4rH driving geared belt wheel 92 adjacent 
third driving ge whee l 94 adjacent its 

and with a third driven geared belt wheel J 

end The fourth rotary shaft 96 is provided with a 
first end. adjacent its second end 

30 fourth driving geared belt wheel 98 j adjace nt its 

and with a fourth driven geared belt wheel 100 3 
first end 68. The fifth shaft 102 is provided w ith a - - 

driving geared belt wheel 104 ^^\ ±t '^ a ^co oA end . 

a fifth driven geared belt wheel 106 adjacent its secon 
35 The sixth rotary shaft 108 is provided with a sixth driving 
3 g ea~d belt wheel HO adjacent its second end 78 and with a 
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sixth driven geared belt wheel 112 adjacent its first end 68. 
Z third ,2. fourth M . fitth .104 and sixth driving geared 
belt wheel 110 are coupled via suitable geared belts to the 
geared belt wheels cn the sleeves 48D, 48C, 48B and 48A 
respectively. For clarity's saKe. ^^Tlo on the 
shcl, either. Before the geared belt wheels 50 on the 
different sleeves 48 are displaced relative to each other, 
Z Afferent geared belts (not shown, can be located side by 

" de " Fig 2 is a partially sectional side elevation of the 
foot pa«2 containing the pac* of first drive shafts 64 and 
o^nsating means 114, shown separately in si* ; — - 
Fio 2K. For clarification, Fig. 2A shows the eccentrics 

S as point of rotation of the eccencri a 

relative to the center of the relevant eccentrics 82 87 _ 

Passed over the first eccentric 82 is a first band-shaped 

element 116 which, adjacent a first end US thereof. s 

attached to the tubular section 26 in a point of 

t o which is fixed in position. The opposite second end 122 

of the first band-shaped element 116 is attached to a first 

end 124 of a tilting an, 126 adjacent the bottom end of the 

- t ti—rrrtVart 

rt^r^ - opposite second end 130, relative to 

the pivotal axis 128, of ^J^Z^Z s!Z end of 

n2 0 f a first tension spring 134. me oppo* 

132 01 <* . cpr ,, re d to a pin 138 

the relevant first tension spring 134 is secured to P 

• -v^r, and fixedly connected to the foot 

which is fixed in ^ ^ f t 66 involves 

part 2. -ta ion of ^ ^ e2 fusing the length and/or 

rotation of the first ecceu^ 

position of the Part f the first ----- £ 

35 :::::re n r:rof r;: e nd-shaped « «, — * 
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~, while P-tin, - '-t^t'jnr^ 

end 124 of the tilting arm «« ^ dovm , 

el ement 116. the opposite second 13 0 - ^ 
solving -ial - =; t e ^ £iement _ so . 

This increas e ^ ™ beCween the band . s haped element 116 

82 is P0S iti 0n1 -^rri ~~ «- 

iS-rirrint 11. hearing on the 

decrees, so that the tiling arm ^ while 

viewed in Pig. 2^ ue to 116 
.0 moving the second end 122 ot £ricC ional force 

along. This will involve a decrease of 
between the first band-shaped element 116 

eccentric .^J^r^ relative to 

decrease of the moment exerted y posit ion of 

• „ c Thus compensation tor cne f^o 
25 the shoulder axis S. Thus c P 

at least the upper arm 4, at least th le 

.anner. The ^ can he used for 

light motor 44 ana a xj-y" 

30 drivin9 sriiari s ;. — -° - * d 

fi ,st eTl 1 " Lured in the point of attac 

passed over the second eccentric 87^ wh ch se ^ 
eiement has its opposite, second end 1" *"^ e ^ O p posice , 
35 a first end 144 of a second tension spring 1 6. 
second end 148 of the second tension spring 



PCT/NL99/00670 

WO 00/25989 

14 

to a pin 150 which is fixedly connected to the foot part 2 
and which i. fixed in position. The operation of the second^ 
Centric S7 and the spring 146 coupled thereto is comparable 
with the operation as described hereinabove * 
5 first eccentric 62 and the first tension spring 134. A. ~ 
be described in more detail hereinbelow, by means of the 
second rotary shaft 84, the movement of the lower arm 6 
relative to the upper arm 4 is controlled, which means that 
the second eccentric S7, coupled to the second rotary shaft 
10 84 compensates for the position of the lower arm 6, the 

wrist 8 and at least partially for the gripper 10. 3 - t 
applies that at a vertical position of the ower arm 6 the 
spting length of the second tension spring 146 willbe 
minimal, at least relatively small, and at a horizontal 
1S position of the lower arm 6, it will be greater, in 

particular maximal, so that proportional changes of the 
factional force between the second band-shaped element 140 
fractional „. „, can be effected, preferably in 

and the second eccentric 87 can ne 

proportion to the change of the moments exerted by the lowe 

t-hprpf n relative to trie exuow 
20 arm 6 and said parts =o™««d thereto ^ springs 

axis E . The compensating means 114, P 

134 r r 6 z n r^r^i* — — 

25 an intermediate partition 30 and the adjoining portion of the 
longitudinal wall 28 of the foot part 26, which space is 

oca ed on the side of the foot part other than the space 53 
accommodating the printed circuit board 60. As a 
compensating means are simply screened from the environment. 

3„ to effect a vertical position of at least the springs 146 

134 two guide wheels 1B4A. 154B are mounted on a shaft 156 
134, two a which the band- 

directly below the eccentrics 82, 87, over 

sniped elements 116, 140 are guided. The guide wheels 154A 
can move freely. It will be understood that the spring 134, 
3S 146 can also be coupled to the band-shaped elements 116 140 
in another manner and that, moreover, other spring means can 
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gnrinqs, torsion springs and 

chosen offers the advantage that rt can readily be 

accomodated in said «^ » 2 " arm section 72 comprises 

As shown xn Fig. 6, the upper 
a shou.de, piece 76 which is ™ly ^-s ^ 

manner described £™ shoulder plata 70, 

shoulder piece 76 can be -J to the 

while the second end 160 extend, g 

0 «* 158 ' iS d rrl fst end of a *nee-shaped first 

side is connected « ^t en ^ ^ ^ ^ 

elbow prece 166. Th - ^ ^ p . ece 

extending parallel to the i7() ^ 

76, is open, such that a pacK or 

l5 be partially inserted therein, as shown rn Fl g. 7X. 

7 A . the sleeve 162 - ot second drive 

The elbow piece 166 witn tne. p 

me ej.u f . in Fiq . 7C, which also 

shafts 170 is shown xn-» detail rn g^ ^ ^ ^ ^ 

shows the lower arm section witn * y 

20 Sha£t %h 7 eW of second shafts 170 comprises a seventh 

The \ aC tJ . - seventh driving geared belt 

rotary -\ "^f ^ rst nd hereof and fixedly connected. . 
wheel »« »V« nt ' r o St the lower arm section ISO adjacent 
via an end P lW ITS^o ^ ^ ^ 

25 its opposite eW. H * n «' arm 6 relativ e to the 

" 4 ^TarXr he . bof ax-is E . The shafts of the pac* 
upper arm 4 around th ^ thin _„ alled 

of second drive W ts 170 «• * each other . to 

a nd -ncentrical^posxt oned r lat ^ ^ ^ 
30 eighth rota - ^ 82 ^ ^ ^ ^ ^ 

geared belt whe T 186 adjacen t its opposxte 

frustoconrcal erghth\drr e g h a ninth 

e nd. T he ninth rotary^ f » P ^ ^ ^ ^ „ itl 
driving geared belt wh^el 19 J ^ ^ ^ ics 
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tenthWiving geared belt wheel 1,6 advent ^f irst^end 

Ltfa a frus 
i e\d. The 

£i rst end aVd with a f rustoconical driven aleventh_ 3 ear_204 



•and wi*>a frustoconical tenth driven gear »• £ 

^ - The inner eleventh rotary shaft 200 is p 
wi th an e^venth driving geared belt wheel ? °2_a«acent xt. 



second eiVi. 



first ena — f rustoconical gears 

adjacent its\pposite second end. The *™»t the 
iRfi 192 198 \nd 204 are substantially fitted one 
o'er with tJw-ti- of suitable bearing 206, 
instance ball beaWg, such that these gears form 

"-^Tt^Tc-ondition, the second driven geared b it 
„ he el SB is coplanar with the seventh driving geared * t 

. , .-c .up third driven geared belt wneex 
: rrei^Lving geared belt wheel « ». the fourth 

driving geared belt wneex xjw, 

£.1 1.6 is coplanar with the tenth driving geared belt 
uheel 1 9 6 and the sixth driven geared -It wheel i 12 

coplanar with the eXeventh driving 9 - t the 

, , Uc not shown m the Figures, LUUUCV - 
?n Suitable geared belts, not &nuwn 

20 relevant Liven and. driving geared belt > ^ 

— z z^TJr^r* iSon of 

,- ^ ^ accordinqlY, the lower arm 6. It wui 
9 5 17 8 is rotated and, accoramyiy , „ 4rn ^ aT - 

^derstood by -=ne silled in the art , .at » .-^ 

manner, the rotary shafts 182, 188, 

of second drive shafts 170 can be rotated 

included in the sleeve 162 are tensron 

3„ whereby the -^^.^ ^ ^ «- 

trjrr^ « t r« l^. - -- -- - 

. j i« a nnaa such as the bearings 204 . 
nnt . further specified, bearings, such a 

mlntioned. J represented in the -awing by = es 
35 a cross placed therein. The geared belt wheels comprise 
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Included i72> enclosing an 

. h ffa 172 comprises three concentrically 

v « , na is provided with a twelfth driving 
rotary shaf 20 is P* ^ ^ ^ >t the 

10 frustocomcal gear 21 3 ^ ^ ^ ^ ^ 212 of 

elbow axis E and is fixedly 

rotation of the twe th rotary s ^ ^ 

of the wrist B «^™J^ th rQtary shaft 214 is provided 
1S the wris, axis *. ^"^^ driving gear 21S adjacent its 
„ith a crown wheel 21S at its second end. 

£i rst end and «^ ir £ be described in m ore detail 
which first crown wheel will provided with a 

hereinbelow. * fourteenth rotary s a 20 ^ ^ 

£our teenth frnstooonic f - 222^^ 24 ^ 

is connected to a seco ^ fourteench rotary 

T/tll; Ts a i en^h rotary shaft 22 6 , which is provided 

th a fi^th f rustoconical gear 22B adjacent its first 
with a fitteenti. located within the 

!5 end and which has its second end, l°« e « thread 

^ nft - 920 connected, via a su-lcw 
fourteenth rotary shaft 220 like wise located 

connection, to a guide block 230 which 
within the fourteenth rotary shaft 220. 

£i fteenth rotary shaft „« "fourteenth 

30 tvi" »o r^i::, rented by . ^ 

g : ^2 » coated to the side of the guide bloc, 230 

y ^ , ^ O no -i d a first end or a 

remote from the fifteenth gear 228 a f 

■„„ oi4 which tension spring is retainer 
tension spring 234 which ^ ^ 

.r t- h ^ fourteenth rotary snare 

en! connected, via a U-shaped plate part 236 and a P m 23B, 
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Koit- 240 'as shown in Figs. 7A 
to a first end of a tension belt 

and 78 ■ f „ Particular from Fig. 7C the eleventh 

As appears in P artl = U fifteenth driving gear 

driven gear 204 is in mesh with the ^ fourtM »th 

' " 8 ' "r^Te ^» ,ear 1,2 is in mesh with 

rSrirenth diving gear 216 and the 

tne uui^ r^r-ivinci qear 210- ^ s 

1BS is in mesh Ifsha/tAn the pac* of first 

result, rotations of the r ^ ^ direoCly 

0 r";: the re plctive rotary shafts 208, »0. 

be transmitted to tne x« f 

c the wrist 8 . 

226 in the xower ^ « * second tubular section 242, a 

The wr ist shown in Kre detail in 

first crown wheel assembly a „ erob i Y 246, shown in more 

j . ascond crown wheel assemoiy 
15 Fig. 8, and a second ^ ^ 244 

detaU " the' first crown wheel 218 and the second crown 
comprises the first ^ _ ^ shoul(J be 

„heel 224. In this a tQothed ring lying on a 

unde rstood to -an a gear havi ^ & ^ 

20 conical surface. In the q£ a bolt 

hearing hush 248 is secured the^ ^ ^ ^ & 

2 50, while a second bearing be aring bushes 

b olt, in the wall on the ^^J^ to each other in the 
24 e. 2S2 are slightly ^^/^^und the first bearing 
25 longitudinal direction of the ^ bMring _ mount ed . The 

bus h 243, a wheel meshes with the 

toothed ring 256 of t ^ ^ chat 

toothed ring „ heel 218 can be transmitted to 

rotation of the first or ^ displac ement of the 

30 the third crown whee u 2 ^ ^ ^ „ heel 

bearing bushes 248, 252 provi 224 _ 

254 can rotate freely "^"I. ^.rin»-«unt^ around 

Similarly, a " * ' ^ »^ 260 o£ which m esh with 
the -^^t 'cro-n whee! 224. nation of the 
35 the teeth 261 f^ 1 " ~ provides that the fourth crown 
second crown wheel 224 tnu * 
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„ h eel 258 is rotated, on the third ^ 

crown wheel 25B, a sev ^ crown wheel 

— tforrjs p1 with a frustoconical . • 

\t «. in whtch a — r of rolling bodies, such 
chancer 266, 268, in suitable bearing 

m eans. such as drs*s are ^ ^ 252 

relevant crown wheel 254 258 a ^ ^ 

an d, at the exterior cheers 2 « . ^«n- ^ ^ 

— r :r rr : • 

JT4- oon iq bear ing- mount ea. 
5 fourteenth rotary shaft 22 , x ,b« ^ g s a 

Thp qP r 0n d crown wheel assemciy ^ ^ . 

b earin - ^ !e -nt two bolts 

coaxially and "~»£" a ^^ ^ olin^ted in 
pl ane with the bolts 25 and »° ^ bolts 274 

l0 the wall of the second «^ "« f ^ gripper 10 . Th e band- 
de£i ne the first pivo ™ ^ b _ ing block 272 to 

shaped element 24 exte element 240 l3 gui ded 

a 9 ri P per bloc, 2 ^ The h _ q£ ^ 

along a gurde roller ^ ^ gripper 

25 shaped element 240 during P Eearing _„, ounCe d on either . 

around the first gnpper «i G ^ ^ ^ a 

side around a bearing bush 280 of tne provid ed 

282 and a sixth crown wheel 284, pro 
£i fth crown 282 ^ wheel 286 and a nineteenth 

with an eighteenth geared bei , £irsc urist geared belt 

30 geared belt -el 288 respec - • ^ <~ « ^ ^ ^ 

T HT.l - ^« geared belt 2,2 extends over the 
wheel 286 a sec d ^ wheel 288 , for . 

•• irrr"~ nr., »■ - •-'•>» -« - 
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■,t axis P with the band-shaped element 240 extending 

S^TtL bearing hush. ^^^7^ 

w v, oqa i« a seventh crown wheel 296,. wnp.se. 
i-hird bearing bush 294 is a seven 

third oe y 2 97- of the fifth crown wheel 

teeth 298 mesh with the teeth ^/ 

ooo t-h(» sixth crown wheel 284. me 
2 82 and with the teeth 2 99 of the sixtn u „ Aft 
seventh crown wheel 2S6 1. proved with bolt holes 300 on 
which the body 302 of the gripper 10 * be «™£* ; J£«< 
rotation of the seventh crown wheel 23 - - ^ ^ 
bearing bush 294 causes rotation of the grrpper 
i second gripper axis G2 . 

, seco y f f second crown wheel 

? 246 the gripper can be m oved around the two 

asse.bl.es 244, 246 th ^ ^ ^ £ourth crown 

aripper axes G, G2 as -F-ifi-h 
wlelL 254, 258 are rotated in the same direction, the fifth 
, Inlsixth crown wheels 282, 284 are rotated in the same 
5 and sixth cro ag a result of which the gripper. 10 will 

Ripper axis CI in the direction 
b o ro atlon of the relevant crown wheels. If the thir crown 

h~l 254 and the fourth crown wheel 25B are rotated in 
wheel 254 and tne d . n ^ same 

i0 opposite directions, at least not a qu ^ & 

direction the seventh crown wheel 296 will oe 
Tsui of which the gripper body 302, and accordingly the 

10 will be rotated around the second gripper axis 
gripper 10, will oe ^ . nn tH& difference between the 

G2, while moreover, depending on the differenc 

25 nations of the third and fifth, ^^^^^^ 
sixth crown wheel, a pivotal movement around the first 

Lr axis Gl can simultaneously be effected. The guide 
ST^ili provide that the band length of the band- 
ied element 240 within the ^ ™ _ fingers 
3 0 approximately the same, so that the posit 

• t n a hardlv influenced. 

12A, 12B of the gripper 10 is hardly 

The fifth, sixth and seventh crown wheels 282 284 an 
296 are again provided with f rustoconical chamber s 2 6 2 6 8 
in which suitable bearing means, in particular balls 270, 
35 are again included, for obtaining simple, relatively 
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inexpensive and robust bearings which, moreover, are 
particularly co^- ^. grip per 10. i. «-« ' 

bl J 276 while enclose - ^ ™- ^ ^ ^ ^ 

the «e«t bodies th - e ; £ - s f; ev f 3 f 8 £or ming the extension 
in axial direction withm .1. band . 3haped elem ent 240 

o£ the third bearing bush 294 . If ^ of 

is pulled away in the ^ pulled in to the 

ch e spring 234, £ griPP ~> * ^ ^ „ be 

relevant sleeve 308, causing fingers are biased in 

p U lled towards each other whUe the -ng ^ 
the open position by a spring, n 

the rebetween, such that when the gripper * ^ 
5 £o rwards out of the sleeve 30B aga n the f ng ^ 

S p«ad. The X2B. will continue 

which, upon movement of the 9 ^ a 

" 12B ' Th e foot part 2 has its bottom ^J^^l 

be further described hereinbel ^ ^ . ts 

connected to the base plate 14 T Jlt o( a 

forpTire provided with a tirst 

corresponding manner, th foot 9 _ ^ £irst 

second groove 31. > along ts « ^ ^ race 20 

and second grooves 314, 9 Provi ded in the foot 

30 o£ . substantially ng In "he bearin g race 320, in 

ring 310 is an n 9 cluded . Th e balls bear 

„hich balls 322 are fittingly i n a very . 

against the walls of the bearing rac 320 ly 
g ood retention and a very strong baring in P ^ ^ 
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■ „ iiR ran be closed by means of a 
318 after which the opening 31B can be c 
3 ' „ m the foot plate 312 is an electric 

stop 324 .. Provided in the r P control unit 328, 

contact element 326 enabling coupling to a contr 
which control unit may also comprise, o - 
electric power supply Via sliding contacts 33 not ^ 
specifically shown, control £ while the 

foot part 2 with the t pre ferably being 

360°. around the longitudinal axis LP 

grea ter than 1. X ^^^Tth. foot plate 312 
incorporated between the foot ring 

. ^, -*29 Around these teeui, « 

outside proved wxth teeth 2 ^ ^ ^ ^ ^ 

belt (not shown) can be pro ^ 
Wheels which are not shown exther, 9^ ^ 

wh eel SO on the lower sleeve and ^ foot ■ 

mo tor 44<3 is driven, the geared bel x ^drx 
part 2 rotates about the longxtudxnal axxs 
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In che pac* =f first drive ^"J*^^ 
aaiacent the second end. a bearxng ^ * 

pr ovided between two rotary ^"^^ chaatoer is in 

°T' f ° r ar h ra: g e P d U r an tnnuxar groove in the relevant 
each case ™ed pre ferably on the 

]01 ! ln % tLe respective inner rotary shafts. In this 
outsxde of the "spect ^ provided , 

bearing chafer, bearx* nee ^ ^ th- 

after which the shafts can be si ^ 
r elevant driven ^ ^ *eel o£ suitab i e bearings, for 
the first end, wxth the ™ l relevanc drive n . 

instance ball bearxngs 334 ™^ and suit able 

g eared belt wheels ^ *J ^ ^ obtained in . 
needle bearing for tne rexc 



10 



PCT/NL99/00670 
WO 00/25989 

23 

particularly si.pl* , relatively inexpensive and robust 
manner ^ „ the pres ent invention can 

be used as follows. manipulator" 1 

Bv means of the suspension means 16, the manipu 

7 , frame 18 and coupled to the control unit 328 
; q mounted on a trame 10 011 iUL ^ Q „ 

Y Teans or a cable 336. Moreover, op erating^eans 33 ~e 
lupled to the control unit - . ^e -t ^ rt^ ^ tic , 
with a tubular sect.on »»; on the sh0 ulder, such 

Moreover, ^'^J Mulder ,2, the upper arm 

that at least the foot part 2, 

4. the elbow 24, the lower arm « and the wrist a are 

, TnHie manner described, the pacKs ot 
outwardly closed. In the mann 

shafts are interco upl ed whrch in ^ ^ ^ 

5 belt wheels ad,acen t the frrst e ^ ^ ^ 

shafts 64 being coupled to the gear 

relevant motors. , esDe ct of which particular 

By the operate means « « dis "" ely 

sleeves 48A-G. By driving the first driving. 

^ Ko rotated around the shoulder axis, uy 
upper arm can be rotated a g ^ ^ 

the second rotary shaft 48 the ^ ^ rotary 

around the elbow axis E. Through ro g 

v, 90 the wrist is rotated relative to the lower 
shaft 90 the wr rotatio n of the fourth 

around the wrist axis P, ttir g driV en, through 

t-v>e> first crown wheel 21B is 
rotary shaft 96, the first 

rotation of the fifth rotary shaft 102, tne s 
rotation q pnarat e or combined drive of the 

wheel 224 is driven. Separate o above -described 

i- «i OTP 924 results m tne caj-^v^- 
relevant crown wheels 218, 224 ^ 

r/r G : f rnaiirrrror;,: — h — «- a r p - 

Topenlng and closing of the gripper 

involved has the advantage of fZ*7tlll be 

closing forces, i.e. unduly great closing forces 
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e* P and. As indicated hereinabove drive of ^ ^ 

motor „ G results in rotation of co the 

thebase Plate 14. with a —P" 1 ^^,^ p Lition " 

fv,« rrrinoer 10 can reach almost any t> 
invention, the gripper x . ef 4 ne d bv the length of 

around the foot part within a space defied by 
a stretched upper arm and lower arm wh.le th p 
m e=hanism 16 ' can moreover e ^ ipper 10 ca n 

Thus, unlike toown industrial robots the 9 r PP ^ 
reach and even engage the foot part 2. adiac 
as well as adjacent the bottom end thereof . ed 
As all motors and reduction casings ac 

» ■> as well as a major portion of the 
in the foot par, *. a «e ^ ^ ^ ^ provided 

rrrfirt 1 ^. «. r - - ^^r^. 

relatival, ligbt - the like, 
for instance, influences o x according to 

^ni-aae that a manipuidtui 
This offers the advantage th x suitable for use 

«^r.n -is for instance, particuidny 
the invention is, in toxic 

cnrh as reactor spaces, m 
, in radiation ^ ^ ^ *! " 

environments. ^"^^ means 114 , relatively great 
in particular the P ^ fee carried , 

£ orces can be transm itted and mA simple 

while the motors may be of a J invention can be 

s construction. A -"^^^ w fc ile the gripper can be 
controlled ^ OE course, a manipulator 1 

positioned particularly P«£»^ par ticularly suitable for 
according to the inve ntion s P h andicapped 

other, for instance ambulant use, 

30 persons or as ^^^J^ed to the exemplary 
The invention is in and Swings. Many 

embodiments shown m the spec ^ 
variations thereof are P^'^ ^ o£ sha£ts ray have 

-* bS Pr °T ;v different number of shafts. Instead of the 
35 a correspondingly different shafts 
geared belt bands in the upper arm, a pack 
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MV be provided herein as well, curable with the packs of 
may be previa utilizing comparable bevel . 

£irs t an = d drive ^ ^ ^ ^ ^ , f 

course be J ' are airectly understood by a ■ 

5 Sner e so S n A lso. as indicated, other types clipper 
leans may he provided. Constructional detai s^a y be varied. 
Thus the different bearing means may, for instance. D 
designed differently, the foot part may be hingably or 
designer „„,„ ar selv, be fixed in position, the 

10 pivotally arranged or, =™ e1 /; as sleeves ulth 9ea red 

— and — ™^r d rfferently, and limitations 
belt wheels SO, may be different meters may 

for ch \r:r;ro if e r rricaiiy. *. ^ 

or may not be provxa respe ctive packs of shafts in a 

; 20 forth by the claims. 



